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I_/VESTIGATIO}I OF THE _,[ECI_IICAL PROPERTIES AED C½iRACTEEISTICS

OF SEVERAL ELECTRODEPOSITED I,._TALS O}T A FLEXIBLE

PLATE OF IIIGI! CARB01T STEEL

By Clyde R. Ste_rt

PURPOSE OF 1]_VESTIGATION

Aerodynamic calibration and physical measurement have shorn] that the

flexible steel plates which form two v_lls of the throat and test section

of the 1-by 3-foot supersonic wind t_uanels have surface irregularities of

great enough magnitude to cause sizable flow disturbances.

Since some of the surface irregularities are as large as 0.020 inch,

it was felt that simply remachining the 0.2S0-inch-thick steel plates

would not be advisable for several reasons, one reason being that thin-

ning the plates unevenly (0.020 to 0) would result in a nonlinear v_riation

in thickness of 8 percent which would result in a nonuniform radius of

cur-_ture. Another objection to rer_chining is that once the plates arc

thirLned, any further correcting or refinishing of the plates is made ex-

tremely marginal, if not impossible from a strength standpoint.

Thus it vms decided to attempt to increase the thickness of the

flexible plates by the olectrodeposition of some suitable metal on the

steel; then to zachine the plates to obtain a flat, smooth surgace while

at the same time retaining the original thickuqcss of 0.250 inch. This

invcstigation of electrodeposited metals vms therefore begun, the aim

being to find an electroplating material t_hat would mcet the follo_'ing

requirements:

(a) Nust bc capable of being deposited up to 0.030 inch thick

(b) l_st have good machining q1_lities

(c) _[ust not creep under a prolonged bonding strcss of 70,000 psi

in basic steel

(d) i[ust not work harden cxcessively

(e) _st not develop surface cracks from rcpcated reversals of

bending stress

(f) )_ust _,ve no serious reduction in vulucs of mecbmical

properties throughout temperature range 0° to 150 ° F

(g) !_st have a _rinnol har_ess above 50

(h) Should have a low modulus of elasticity in order to keep to

a minimum the _riation in moment of inertia of the basic

plate

(i) lhst _qvc pcrfect adhesion to the basic steel, preferably

without any "in-betwreon" plate such as coppcr

(j) }_st not oxidize or corrode in air

(k) The electroplating process must not reduce seriously the

tensile, compressive, or endurance limits of the basic

steel

(1) _ust bc readily availablc con_uercially
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_KTERL<LSTESTED

The electrodcposited metals t]_t were investigated arc the following:

(a) Brass
(b) Ca_ium
(c) Chromium

(d) Copper
(e) Nickel

(f) Silver

(g)Zinc

Lead and tin wore also proposed for this investigation, but were

rejected for being too soft (Brinnel No. 4 and 14, r(,spectively), and for

creep under moderate stress at room temperature.

Also tested along with the electrodeposited mei_'_Is rr,s a brush-on type

of phenolic plastic coating called Phenoplast.

TEST SPECImeN

Each test specimen vms as nearly as possible a duplication of the

flexible nozzle plates. A typical specimen _;r_s_qde of A.I.S.!. 4140

stool heat treated to Rock,Tell C-30 (minimum tensile strength 140,000 psi),

and its surfaces were ground to rms 32. It _was 24 inches long by I_ inches

wide by 0.250 +_ 0.001 inch thick.

TEST PROCEDU]{E

The material being tested vm'_s applied 0.005 inch thick by I0 inches

long on both sides at on(; end of the test specimen, and 0.010 inch thick

by I0 inches long on both sid_;s ___ttke other end off the. t-:st specimen -

except where other_ise specified.

The test itself consisted of the co!inwir, S st<ps:

(a) Zyglo test to Oil' ok _or SUl-f.cc cracks

(b) IQ_oop 1_rduess test at uach end _f spech_.en

(c) i[icrometer r,,ux_surem("at of thio}mness c.t 1-inch increments

along length of specimc_

(d) I000 bend rcvcrsing cycles _vt 70,000 psi stress (Note: 1 cyclc =

2 stress reversals)

(e) Repetition of steps (c) and (d) until 6000 cycles were completed

(f) Incrcasc stress to 95,000 psi for lOO0 cycles

(g) Repetition of steps (c) and (f) (Note: Total of 16,000

rcversals based on 3 reversals per day, 5 days per week,

50 weeks per year for 20 years)

(h) Repetition of step (b) on end just tested

(i) Reversal of specimen, end for end

(j) Repetition of cntire cycle (stcps (b) through (h))

(k) Zyglo test to check for surface cracks.
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FIG. II T.I_STF IXTL.'P,E

DEFLECTION 2E jJII!ED (f)

S Ze
f = 3_---g

S = stress (psi)

I = 23.75 in,

E = 30,000,000 (psi)

c = 0.125 in.

TO PRODUCE ST_oS = 70,000 psi

7 x 104 ._ _,_ 75 x 23,75
f = 3 x 3 .,_ 107 X 0.125

f = 3.5 in,

TO PRODUCE STRESS = 95,900 psi

9.5 :: 104 x 2_.75 x 23.75
f =

Z x 3 x 107 x 0.125

f = 4,75 in,
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Results of each test phase for c:ch specimen tested are tabulated in

Table I, together with the mechanical properties of each mctal used as an

elcctrodcpesitcd coating.

Brass : Brass fulfilled all the requirements with the exception

of being easy to deposit. It is, in fact, very difficult

to dcposit any heavier t!,an 0°0005 inch of brass, due to

pitting and unevcn deposition usinz a nor_z_l solution and

procedure.

Cadmimum: Cadmium is relatively easy to deposit, but when it is

used for engineering purposes (i.e., heavy dcposits to

fill in worn or mismachincd _rts), great care must be

used to insure a high dc5rec of adhesion. In addition

to being too soft _o be easily machined, both the baked

and the unbaked specimens developed bad surface cracks

and checks, and both showed signs of crccp.

Chromium: Chromium plating inherently causes embrittlement of the

base mctal; this is especially true of a high carbon steel

b_se, and in this case thc cmbritt!ement was severe enough

to causc failure of the test piece after 5200 cyc!os.

Chromium is too hard to machine with standard _chine tools,

and so must be ground to the desircd slope or thickness.

Also, before failing, the Lest spccimen had m_,ny }_d crachs

on its surface.

Copper : Co_)pcr filled .most of the requircmcnts w_,ry well; however,

it did develop minute surfi_ce cr_.cks, work >_rdcned ce*"-

sidcrably, _nd, of course, o'_idized in air°

Uicke I : Uiekcl proved to be the best all around material in regard

to meeting the rcquirnmonts. The only exception is its

rcl_tively high modulus of elasticity (24-27 x I06). Upon

complction of the bend reversing test, the nickel specimen

was given a si.T,lilar test of 1300 cyclcs at 0° F in the

stratosphere c1_mber; again the results wore good. In

addition, _'.piece of pure nickel _._as submerged in mercury

for 72 hours at room temperature s after which thne no

a_Ig%mation _a s evident.

$11vcr: Silver _ork hardened considerably more ti_n any of the other

metals tested. Cracks and checks developed on the surfacc,

and there _as evidence that the plating had yielded to

plastic flow,

Zinc: Zinc v_s undoubtedly the least desirable of the metals tested.

It yielded to plastic flow quite readily, became brittle

below 70 ° F, and developed severe surface cracksj



Plastic Coating: A phenolic-type plastic called Phcnoplast _as
applicd be a typical stccl test sp_cimcn and given the
complete bcnding test. Hovrcvcr, it r_s found that this
coating is extremely difficult to apply smoothly, either
by brushing or spraying; it is next to impossiblc to
machine or h_nd finish; and it is dimensionally _stablc.

DISCUSSIO_

Certain generalizations may be dra_aqfrom the experience gained
through this investigation rcgarding the ability of electroplating to mcct
specific requirements.

(a) The acHlesion of elcctrodcposits to a base metal is a function of
the plating tcc]_.ique and is independent of the type of metal being de-
posited.

(b) The tensile strength, har&ucss, densit_j, Young's modulus, etc.,

of any electrodeposit from any given type plating bath may be _uried over

a wide range simply by ch_.nging the pH (acidity), temperature, or current

density of the bath.

(c) The eloctrodepositio_ of any metal on high carbon steel will

cause embrittlement of the steel in degrees _rying from severe enbrittlc-

mont due to chromium plating to very slight embri_oln;.ent due to copper

plating. The degree of ombritt!ement of the base metal due to any certc_in

metal being deposited increases with an increase in plating time. This

condition can be eliminated in part by baking the plated piece from 2 to 5

hours at from 300 ° to 500 ° F.

ENGII_ER!:TG ADVICE

The Electrodcposition Section of the !b.ticnal Bureau of St_nd_,rds v.r*.s

contacted regarding this plating problem. They strongly recor_nended nickel

plating as being the best ad_pted to our needs. They also suggested the

type of nickel bath to use, the current density, and the prcplating treat-

ment in order to obtain the most ductile nickel deposit_ (National Bureau

of Standards letter to i_ncs dated November 22, 1949; mail listing

November 28, 1940, _7o. 45).

EFFECT OF PLkT!i_G

Since both the depth and width of the plating after machining r_ill

vary nenuniformly throughout the !cngth of the flexible plates, it is

impossible to predict accurately the effect of the plating on the r_dius

of cur-_ture (or slope) of the plates. 7[or:cvcr, the worst case would be

u'hcrc a radius of 35 inchcs is considcred; this amounts to a bending stress

of 70,000 psi_ Considering the longest sp_'.nbctuzeon tv{o lugs (2.5 inch<s),
_,.c._of michel over the full I2-_chand asstm_ing the plating to bc 0.020 :_ _ --

width or a tot_l plato thickness of 0.270 i:_ch, _:c find _. dcf!cction of

0.0149 inch as compared to a deflection_ _ of O.O!g6 inch for unplatcd steel



0.250 inch thick, This amounts to a cl_an;_._;of 20 percent in radius of
curvo_turo. However, this does not _]ce into account the effect _-;fthe
lugs or their tmeven spacing, nor the effect of the caglti_._ plating on
the lower surface of the plates, nor the good possibility that the flexi-
ble plates are net of consrant thich_.css to begin with - all of w.hich
would tend to decrease the change in curvature due to plating.
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CO],TCLUSIOI$S ._ND PECO[_;}TD_'_TI01$S

As a result of this investigation, ccrtc_in conclusions became apparent:

(a) Either nickel or b_ss plating would be a satisfactory ansv_cr to

this problem from a mechanical and aerody_nic sCandpoint.

(b) Nickel plating would be the only satisfactor_j answer from a

pr_L_cu] standpoint, since brass platin_ of 0.030-inch thickness would

require much research work and involve _. great des.l of expense. This con-

clusion is borne out in a letter from Uational Bureau of Standards to Ames

dated December 16, 1949; mail listing December 21, 1949, No. 42. It is

therefore recommended that nickel pl_ti_'.g be used to correct the flexible

nozzle plates, using the procedure and plating bath composition su_ocested

by the National B_reau of StanSnrds.

CON}_ERC IAL PL_T I_iG PI_J'TTS

Through contact with the Interjectional 1.1ickcl Co. the fo!lo_ring plating

concerns _.rcrerecommended as reliable :_nd as being equipped to handle those

large plates:

n " Glendale Calif.I. Bone Engln_erlng Co.,

2. Plating Engineering Co., Nil_°aukcc, 17is

3. Chromium Corp., Chicago, Ill.
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